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UNITED STATES PATENT 
APPLICATION 



Phosphors Formulation For 
Fluorescent Lamps 



Be It known that I, FRED M. 
MENDELSOHN, a citizen of the United 
States of America and a resident of 
Tampa In the State of Florida, have 
Invented new and useful 
Improvements In the above entitled 
Invention the following of which Is a 
specification In full, dear and exact 
terms to enable one skUfedto the art 
to make and use the same. 



ABSTRACT OF THE INVENTION 

A combination of phosphors formulated to coat the Inside of a fluorescent 
lamp to emit light having a spectral distribution to enhance effective pupil lumen 
comprising effective amounts of strontium boride, yttrium codde, barium yttrium, 
5 europium, terbium, barium borate and calcium having a peak luminescence In the 
scotopic range. 
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CROSS REFERENCE APPLICATION 

This is a non-pravislonal patent application of provlsional~patent application 
Serial Number 60/520217, filed November 14, 2003. 

BACKGROUND OFTHE INVENTION 
Field of the Invention 

A combination of phosphors formulated to coat the inside of a fluorescent 

lamp. 

Description of the Prior Art 

Historically, the output of artificial lighting has been measured for photopic 
content of the light while generally ignoring the effect of the scotoplc content 

The process of selecting and combining phosphors for fluorescent lamps is not 
new or unique Unfortunately, however, relatively recent scientific knowledge 
relating to visual acuity and fluorescent technology has not been effectively applied 
commercially. 

Research has demonstrated that by fine tuning the light spectrum, light levels 
canoe reduced without compromising visual acutty-and color response Due to the 
physiological aspects of the eye, it is possible to decrease light levels without 
reducing performance by controlling the spectral distribution of artificial lighting. As a 
result energy savings achieved by relative efficacy of light production (lumens) of 
spectrally modified lamps. 

In particular, the retina of the eye has both rod and cone receptors. The rods 
operate at low light levels, the cones operate at high light levels, and both operate 
over a range at intermediate light levels. Rods (night vision) do not provide color 



response or high visual acuity. On the other hand, cones provide color vision and the 
acuity necessary for reading and seeing small detail. 

Photopic lumens are based on cone sensitivity, while scopotic lumens are 
based on rod sensitivity. In photopic conditions, wavelengths near 550 nanometers 
appear to be brighter than those nearsOO nanometers. The reveree Is true In 
scotoplc conditions where wavelengths near 510 nanometers are brighter than those 
near 550 nanometers. 

For example during the day, yellow objects appear lighter, but as the sun 
goes down and the scotoplc comes into play green objects appear lighter. At dusk, 
illumination is low enough for the scotoplc effect to operate, but still high enough for 
the photopic to also operate. 

Since cones and rods both contribute to visual acuity S/P (scotoplc/photopic 
ratios) are a useful tool in analyzing the effectiveness of a light source on visual 
acuity. 

Examples of past efforts to Improve the source of Indoor lighting are found in 
numerous patents. 

U.S. 3,670493 describes electric lamps having spectral radiation 
characteristics approximating natural daylight with a controlled amount of energy in 
the near and middle ultraviolet ranges which also produce light of sufficient Intensity 
and proper color to make them usable as general llluminants. 

U.S. 4,891,550 teaches a full spectrum fluorescent lamp having a phosphor 
coating for producing visible light having a high color rendering Index and balanced 



amounts of ultraviolet energy at the same correlated oolor temperature In which the 
coating is formed of two groups of phosphors. 

U.S. 4,174,294 shows a fluorescent material comprising an alkaline earth 
metal boron phosphate activated by a divalent europium compound. 

U.S. 5,122,710 describes a phosphor Wend for a fluorescent lamp having four 
rare earth phosphors each of which emits a narrow band of visible Ughf energy m the 
visible spectrum. The color of the light produced by three of the phosphois is red, 
blue and green. The fourth phosphor producing light In the blue-green range 
improves the color rendering index of the visible light output without seriously 
affecting the lumen output as compared to a Wend In which only the red-blue-green 
phosphors are used. A fifth rare earth narrow band phosphor capable of producing 
energy in the ultraviolet A range can be added to the blend when It is desired to 
simulate various phases of natural daylight The band of ultraviolet range enemy 
produced can be smoothed by adding to the blend another phosphor capable of 
prododngenergymthe ultraviolet range. 

Regardless of these effbrtsthere remains a need to develop a combination of 
phosphors for use in a fluorescent lamp to emit a wavelength of light optimized for 
human visual acuity which is optimized at about 510 nanometers. At this 
wavelength, the amount of scotoplc lumens that affects the rod receptors in the eye 
Is maximized. The light emitted from this phosphor combination causes the pupils of 
the eye to contract without the presence of painful glare and an overabundance of 
bright light, thereby enabling the human eye to see with greater clarity, efficiency 



and better focus. This optimal efficiency of the human eye generated by the high 
scoptoplc lumens, Is produced In an environment of lower photopic lumens, which 
normally would be construed as lower ambient light, thereby utilizing less electrical 
energy than comparable lighting sources. 
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SUMMARY OF THE INVENTION 

The present invention relates to a composition of phosphors fonnulated to 
coat the Inside of a fluorescent lamp to enhanoe effective pupil lumens for Improved 
human visual acuity. 

The selection, combination and utilization of certain rare earth phosphors can 
be formulated for use In a fluorescent lamp to peak length of about 510 nanometers. 
The light emitted from such a phosphor combination causes the pupils of the eye to 
contract without the presence of painful glare and an over abundance of bright light; 
enabling the human eye to see with greater clarity, efficiency arid better focus. This 
optimal efficiency of the human eye generated by the high scoptopic lumens is 
produced In an environment of lower photoplc lumens, which normally would be 
construed as lower ambient light thereby utilizing less electrical energy than 
comparable lighting sources. 

The formulation of phosphor combination of the present Invention comprises 
seven phosphors, which when emulsified and used to coat the inside of a fluorescent 
lamp, will emit Dght In a wavelength from about 505 nanometers to about 515 
nanometers which has been demonstrated to be the optimal wavelength for human 
visual acuity. The seven phosphors are strontium borlde, yttrium oxide, barium 
yttrium oxide, europium, terbium, barium borate and calcium. 

This combination of phosphors results in a power distribution Including a 
major peak, a minor peak separated by a trough. 

The process of emulsifying the phosphors comprises of creating a binder with 
water and polyethylene chloride with an adhesive slurry. After the binder has 



blended, phosphors are added to the binder. The pH is elevated, and the mixture Is 
blended. At completion of the blending the mixture is filtered arid is suitable for 
-coaOngfloorescentlamps. 

The Invention accordingly comprises the features of construction, combination 
of elements, and arrangement of parts which will be exemplified In the construction 
hereinafter set forth, and the scope of the Invention will be Indicated in the claims. 



BRIEF DESCRIPTION OF THE DRAWINGS 

For a fuller understanding of the nature and object of the invention, reference 
should be had to the following detailed description taken In connection with the 
accompanying drawings In which: 

Figure 1 Is a graph showing the power distribution of the present Invention. 

Figure 2 is a tabular representation of various lamps and operayng 
characteristics. 

Similar reference characters refer to similar parts throughout the several 
views of the'drawings. 



8 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present Invention relates to a composition of phosphors formulated to 
coat the Inside of a fluorescent lamp to enhance effective pupil lumens for Improved 
human visual acuity. Studies have determined that human visual acuity is afunction 
5 of both scotooplc and photoplc lumens. It has been observed the visual acuity is 
optimized at a light wavelength of about 510 nanometers. At this wavelength, the 
amount of scotoplc lumens which affects the rod receptors In the eye Is maximized. 

The selection, combination and utilization of certain rare earth phosphors can 
be formulated for use in a fluorescent lamp to peak length of about 510 nanometers. 
10 The light emitted from such a phosphor combination causes the pupils of the eye to 
contract without the presence of painful glare and an over abundance of bright light/ 
enabling the human eye to see with greater clarity, efficiency and better focus. This 
optimal efficiency of the human eye generated by the high scoptopic lumens is 
produced in an environment of lower photoplc lumens, which normally would be 
15 construed as lower ambient light, thereby utilizing less electrical energy than 
comparable lighting sources. 

The selecting and combining of various phosphors for use in fluorescent is not 
new or unique. Unfortunately, the combination of the body of scientific knowledge 
surrounding visual acuity with fluorescent technology, to produce a light emitter that 
20 helps people to see as well as the human eye can see, has not been done 

commercially. Heretofore, the proper combination of phosphors that could yield the 
result of light emitted at the optimum wavelength of about 510 has been unknown. 



9 



The formulation of phosphor combination of the present Invention comprises 
seven ptosphors, which when emulslfiedand -used to coatthe. Inside of a fluorescent 
lamp, will emit light In a wavelength from about 505 nanometers to about 515 
nanometers which has been demonstrated to be the optimal wavelength for human 
- visuaLacuity. Tiieseven.phc6phors^esttonaumboride^ yttriumoxlde^barium 
yttrium codde, europium, terbium, barium borate and calcium In relative, proportions 
as shown in Table 1 below. 

TABLE 1 



Compouifl Formula 

Strontium Boride SrBs 

-Yttrium Oxide Yj0 3 

.Barium Yttrium Oxide .BJMYaO? 

Europium Eu 

Terbium Tb 

Barium Borate B&4B2O7 

Calcium Ca 



Element Cp|orfs) Percanfama hv WaI^ 



Red/Green 

■Red 
Green/Red 

Red 
Green 



Yellow 



46% 

-24% 
-24% 
2% 
2% 
Wo 
1% 



As shown In FIG. 1, this combination of phosphors results In a power 
dfstflbutlort having a major peak of at leasf/30 percent of the total power at about 
510 nanometers, a minor peak of at least 15 percent of the total power at about 610 
nanometers and a trough of less than 10 percent of the total power at about 575 
nanometers. As depicted, the percentage of power at the major peak Is at least 5 
times the percentage of power at the trough and at least 1.5 times the percentage of 
power at the minor peak. 
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Rgure 2 Illustrates the relative effectiveness of the present Invention referred 
to as Ott-Lite Sample (9) compared to other lamps. As shown at about 510 
nanometers or optimum wavelength, the photopic lumens and scotoplc lumens are 
about 0.0050 and about 0.0115 respectively with a scotoplc lumen to photopic lumen 
5 ratio about 2.31. The resulting effective pupil lumens are about 801.169 and the 
effective pupil lumens per watt are about 44.509. 

The process of emulsifying the phosphors comprises of creating a binder with 
de-Ionized water and polyethylene chloride In a ratio of 1.5 kilograms of polyethylene 
chloride to 100 liters of water and 3 kilograms of adhesive slurry. This is mixed at 

10 100 revolutions per minute for three hours. After the binder has blended, 30 

kilograms of phosphors that have been previously measured In the above proportions 
are added to the binder. A 15% ammonia water solution is added until the pH Is 
elevated to 9, and the mixture is blended for three hours at 100 rpm. At completion 
of the blending the mixture is filtered through a #200 stainless steel mesh net and is 

15 suitable for coating fluorescent lamps. 

It will thus be seen that the objects set forth above, among those made 
apparent from the preceding description are efficiently attained and since certain 
changes may be made in the above construction without departing from the scope of 
the invention, it Is intended that all matter contained In the above description or 

20 shown In the accompanying drawing shall be interpreted as illustrative and not in a 
limiting sense. 

It is also to be understood that die following dalms are Intended to cover all 
of the generic and specific features of the invention herein described, and all 
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statements of the scope of the invention which, as a matter of language, might be 
said Id fall therebetween. 

Now that the Invention has been described, 
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What is claimed is: 

1. A combination of phosphors formulated to coat the Inside of a fluorescent 
lamp to emit light having a spectral distribution to enhance effective pupil 
lumens comprising effective amounts of two or more of the following: 
strontium boride, yttrium oxide, barium yttrium, europium, terbium, barium 
borate and calcium having a peak luminescence in the scotoplc range. 

2. The combination of phosphors of Claim 1 wherein the power distribution 
includes a major peak and a minor peak separated by a trough. 

3. The combination of phosphors of Claim 2 wherein the percentage of power at 
the major peak is at least 5 times the percentage of power at the trough. 

4. The combination of phosphors of Claim 3 wherein the percentage of power at 
•toe major peak is at least 1.5 tlmes^reater than percentage of power at the 
minor peak. 

5. The combination of phosphors of Claim 2 wherein the percentage of power at 
the major peak is at least 1.5 times greater than percentage of power at toe 
minor peak. 

6. The combination of phosphors of Claim 1 wherein the dominant wave length 
is from about 505 to about 515 nanometers. 

7. The combination of phosphors of Claim 1 wherein the scotoplc lumen to the 
photopic lumen ratio is at least 2.25. 
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V 

1 8. The combination of phosphors of Claim 7 wherein the effective pupil lumens Is 

2 at least 2.25 078 times the photopic lumens measured in the lamp output 

19. The combination of phosphors of Claim 8 wherein the effective pupil lumens 
2 per watt is at least about 40. 

1 10. The combination of phosphors of Claim 7 wherein the effective pupil lumens 

2 per watt is at least about 40. 

1 11. The combination of phosphors of Claim 1 wherein the effective pupil lumens is 

2 at least 2.25 078 times the photopic lumens measured in the lamp output 

1 12. The combination of phosphors of Claim 11 wherein the effective pupil lumens 

2 per watt Is at least about 40. 

1 13. The combination of-phosphors of Qaim 1-wherein the^ffective pupil lumens 

2 per watt is at least about 40. 

1 14. The combination of phosphors of Claim 1 wherein the scotopic lumen to the 

2 photopic lumen ratio is about 2.25. 

1 15. The combination of phosphors of Claim 14 wherein the effective pupil lumens 

2 is 2.3 078 times the photopic lumens measured in the lamp output 0. 

1 16. The combination of phosphors of Claim 15 where the effective pupil lumens 

2 " per watt is about 45. 

t • 
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1 17. The combination of phosphors of Claim 14 wherein the effective pupil lumens 

2 is-2.3°* 7a times the photopic lumens measured In the lamp output. 

1 18. The combination of phosphors of Claim 1 wherein the effective pupil lumens is 

2 2.3 078 times the photopic lumens measured In the lamp output. 

1 19. The combination of phosphors of Claim 18 wherein the effective pupil lumens 

»* 

2 per watt is about 45. 

1 20. The combination of phosphors of Claim 1 wherein the effective pupil lumens 

2 per watt Is about 45. 

1 21. The combination of phosphors of Claim 1 wherein the percentages by weight 

2 of the combination of phosphors are about 46 percent strontium boride, about 

3 24 percent each of yttrium oxide and barium yttrium oxide, about 2 percent 

4 each of europium and terbium, and about 1 percent each of barium borate 

5 and calcium. 

1 22. The combination of phosphors of Claim 1 wherein the percentages by weight 

2 of the combination of phosphors are at least about 40 percent strontium 

3 boride, at least about 20 percent each of yttrium oxide and barium yttrium 

4 oxide, at least abouf 2 percent of europium and terbium/ artd at least about 1 

5 percent of barium borate and calcium. 

1 23. The combination of phosphors of Claim 2 wherein the major peak is between 

-2 -about54aand-about550.Danoraeters. 
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1 24. The combination of phosphors of Claim 23 wherein the minor peak is between 

2 about 480 and about 500 nanometers. 

1 25. The combination of phosphors of Claim 24 wherein the trough is between 

2 about 560 and about 605 nanometers. 

1 26. The combination of phosphors of Claim 2 wherein the minor peak is between 

»* 

2 about 480 and about 500 nanometers. 

1 ■ 27. The combination -of phosphors of aaim 26 wherein the trough is between 

2 about 560 and about 605 nanometers. 

1 28. The combination of phosphors of t2aim"2 wherein the trough is between 

2 about 560 and about 605 nanometers. 
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FIG. 1 
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FIG. 2 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: MENDELSOHN, Fred M. 

For: Phosphors Formulation For Fluorescent Lamps 

Fl,ed: Concurrently Herewith 

SOLE DECLARATION ACCOMPANYING PATENT APPLICATION 
As the below named Inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole Inventor of the subject matter which is claimed and for'whlch a Datent is 
-soughtonthelnventloaentiUedabo^ ana Wmcn a P** 61 * ,a 

clatms ^an?a?awl?gs haVe """^ ""' Und8ret8nd 11,8 C0ntent8 of tte above ,dei > Ufied specification, Including the 

I acknowledge the duty to disclose Information which is material to the patentability of this patent aDDlication in 
accordancewlthTltle37,Codeof Federal Regulations, Section 1.56(a). application in 

I hereby declare that I do not know and do not believe that the Invention was ever known or used in the United States 

%£S^£l2 7 TS" "T"* ° r PatentGd or de ' cribed ,n a »V Panted Plication In ooTnEJ tSoWm? 
SnSS 1? ' . Pate " ted or de8Cribed ,n any Prints publication more than one year before the ffilna date"? 

S£ SS^S °« n P 2? "?* f °" 88,8 the Unlted Stat88 of Amertc « th™ *ne ve«r before Se date of 
ff^, a PP' ,ca « o n. that said Invention has not been patented or made the subject of any inventor's ^iSficrfe 

5K£i£££K °I ^ , ! fl8 ' repre8antatlvas or aM| 8n 8 mo « than twelve months prior to the filing date o? X 
patent application in the United States of America, and has not been abandoned. ^ 

I hereby claim the benefit under Title 35, United States Code, 120 of any United States applications) listed bet™ 
^;i n «° far , a l the 8UDj8ct m8tter 0,each 0,11,6 c,8,ra8 of Wllcatlon I. not dis^T nTKunlted State? 

^ m , a ,T T ,<ted * ? e fir8t P" 8 ""*" of T "te 35, United States (^teTl2?l ^ac^iCthe^S 
%2££5£il? In j 0rm8tl ? n " d6flned ,n ™e 37, Code of Federal Regulations, 1.56(a} which occurred SweS 
the filing date of the prior application and the national or PCT international filing date of this application: 

Serial No. 60/520,217 Filing Date: Nov. 14, 2003 Pending 

POWER OF ATTORNEY 

^SSVS^SS^ M*** 1 ****™ 0 - of Suite 316; 5553 WestlWaters-Avenue, Tampa, Florida 
pISJ; Sh t?«1 °i «t my * ttomey te P rose cute this application and to transact all business In the United States 
Patent and Trademark Office connected therewith. 

liribMI^ "ST here ' n ^ f T ^ know,ed 9 e are true and that all statements made on 

SSTtata a^Sl^S '"n? to * ^ UC: ^ fU , rt J er th8t 41,686 statements were made with the knowledge that 
3? Ja ith!^!"*^!^ J 8 " k6 80 m8de are P un, « h able by fine or Imprisonment, or both, under Section 1001 of 
™any^ 

Sole Inventor: Fred M. Mendelsohn 
Residence: 1214 W Cass Street 

Tampa, Florida 33608 
Citizenship: United Statetrof America 
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